Abstract. The metallic cylindrical storage tanks are very common structures in the field of civil engineering; These facilities are especially used in the industry in which they are used to store all kinds of products-which are for the most toxic or flammable. The tanks are also used in the storing of drinking water. When earthquakes, these structures must be strictly maintained in order to avoid that they lose their precious contents causing reactions that can cause more damage than the earthquake itself. In this study, the effects of the liquid height, the geometric parameters of tanks in the variation of the maximum sloshing wave height are studied: For this purpose, the software ANSYS V11.0 is used for modelling the tanks, the results found are compared with thus given in the Euro code 8
Introduction
Seismic events hitting Japan, the USA and Turkey have shown that the storage tanks are highly vulnerable to large seismic movements; failure modes such as: sliding, buckling of the walls and thero of damage ( Figure 1 ) can lead to the outbreak of fire, that is why important parameters such as sloshing of fluid, basis upliftand the interaction: liquid-shell shall be considered in the dynamic analysis. the tanks containing flammable or toxic products are real bombs, and can sometimes cause more damages than the earthquake itself. During the Kocaeli earthquake in Turkey in1999, that hit the refinery Turpas -7 th European refinery-and caused more than US $500 millions of damages and losses. Duringthis earthquake, , covered tanks have suffered excessive sloshing and their roof rubbing with the walls and then created instantly sparks igniting the liquid .The fire then spread to crude oil tanks damaging 30to45 tanks covered by a roof (Figure 2 ).In addition to economic losses, large quantities of toxic material have been released in the environment. After every earthquake, the observations of damage to facilities are made in order assess the losses but also verify the validity of design standards, and improve them if necessary. 
Importance of sloshing and the MSWH (maximum sloshing wave height)
The sloshing phenomenon is the oscillation of the liquid surface due to excitation of the container. In fact, during an earthquake, the fluid in a tank oscillates with a rather special way: The upper part move with large periods of time, this part is usually called: the convective part. While the rest of the liquid (the lower part) called the impulsive part has a similar movement to the rigid shell of the tank (Figure 3) . Since the vertical movement of the convective fluid can lead to the loss of the liquid contained in the tank oralthough a damage in the tank's roof, the sloshing height must be held into account during the design and calculation of tanks.
The sloshing according to standards
The most important aspect for the tanks is the sloshing behaviour and the dynamic response of the tanks under seismic excitation.
Sloshing waves with large amplitudes cause damage to the roofs of the tanks and make them temporarily unusable, therefore, the liquid in this area can cause fires. To avoid such disasters, the sloshing of the liquid in the tanks must be considered to determine the minimum "Free-Board" required .The "Free-Board" is given by the expressions available in the various regulations covering the tanks:
where: (Tc1) is the appropriate elastic spectrum of the acceleration in g. When an impulsive acceleration act son a liquid, this can produce a pressure significant hydrodynamic pressures produced by the free surface on the tank walls, the estimation methods of these impacts and the hydrodynamic pressures are not yet well developed and are often determined by the experimental means.
The tank diameter (D), the height(H)and the liquid level(HL)are the dominant factors for evaluating the sloshing of the fluid.
Purpose of the study
Given the importance of sloshing in the seismic response of metallic cylindrical tanks to an excitation, the study of the evolution of the maximum sloshing height according to various parameters such as the geometric properties of the tank is done. For this purpose, 45tanks constrained at the base with different ratios (H/R) were treated with dynamic on-linear analyzes, these tanks are simulated in ANSYS v11.0 Software program using the finite element method for 3Dmodelling of the fluid-shell system. Material properties were assumed homogeneous. The shell has been modelled by SHELL63 elements and the fluid contained in the tank is modelled by FLUID 80elements.The results are then compared with the values prescribed in EUROCODE8.
For the analysis , a recording of Tabas earthquake with PGA 0,328g was used , only excitation in the horizontal direction UX has been taken into account in the time-history analysis to study the variation of the MSWH's values during the earthquake (see Fig. 4, 5 ). Generally, there are two methods to design the thickness of the tank shell plates: The first one is called "the variable-design point method that is mainly used in tanks with radius higher than 60 m, while the second method -used in our case -is used for tanks with small diameters, it is called "the 1 foot method". In the latter method, the minimum thickness to be used is the greater of the two following values [3] (see Fig. 6-Fig. 8 
Specifaication of the studied tanks
T d = ସ,ଽ (ுି,ଷ)ீ ௌௗ + CA(2)
Numerical analysis
To study the effects of different parameters on the MSWH, the tanks are analyzed under the following conditions:
1.Tanks with height's variation only (Part I) .
2.Tanks with radius variation only (Part II).
3.Tanks with variation in the liquid's heights (Part III).
6.1.Tanks with variation in height only
In this case, the tanks have a constant radius of 10m while the changing their heights. The dimensions of each tank and the results are summarized in the table below: 
6.2.Tanks with variation in radius only:
At present, we are interested on the effect of the radius on the MSWH. For this purpose, we studied the variation of the MSWH depending different radius. The height of the tanks being set 20m. In this part, a container having a height of 10m and a radius of 10 m was selected. The liquid level was changed each time while visualizing the variation of the MSWH's values .The results found are shown in Table 3 : 
Conclusion
In this work, we studied the effects of different geometrical properties of metal cylindrical tanks on maximum heights of sloshing waves occurring during a possible excitation in the base. At first, the accuracy of the finite element method has been validated, then the tanks were modelled and subsequently analyzed. the conclusions to be drawn from this study are summarized in the following points: -By varying the height only, it was observed that at the beginning the height of sloshing increase with increasing the height but after reaching a critical value, the values of the wave's height decrease, this decreasing is due to increasing of the flexibility of the tank because of sloshing.
From tanks analyzed with change of the radius only , it was observed that the maximum height of sloshing wave decrease with increasing the radius : indeed for the the same height , a tank having a larger radius is more rigid that a further having a smaller diameter .
For analysis where the liquid's height is varied, it was seen that the maximum height of the sloshing wave increases by increasing the height of the liquid .But after a critical value , the values of the MSWH decrease as the liquid-shell syste becomes more flexible. So there is a point to wherein the security of the tanks can be ensured.
Recommendations
From the evolution of the maximum wave sloshing values based on the heights of the tank and their radius, we can see that the critical values -where the waves are maximals-are for tanks having radius lower than their heights.
From the evolution of the maximum values waves sloshing based on liquid heights, we can see that there is a gap for the liquid height between 0.5 H and 0.7 Hwhere the waves values are critical.
In the light of the results that either Eurocode 8 or digital experimentation upon the Ansys software, we recommend performing cylindrical metallic tanks for storage of small heights and large diameters, In that case the maximum heights of sloshing waves are most optimistic.
